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GROUND-WATER RESOURCES OF CAMBRIAN AND ORDOVICIAN CARBONATE ROCKS IN THE
VALLEY AND RIDGE PHYSIOGRAPHIC PROVINCE OF PENNSYLVANIA

By Albert E. Becher

ABSTRACT

Ground water is a vital resource for the 150,000 people living in 10
separate or contiguous valleys of Bedford, Blair, Centre, Clinton, Fulton,
Huntingdon, and Mifflin Counties. These valleys have formed on anticlinal
folds in a sequence of Cambrian and Ordovician carbonate strata that exceed
8,000 feet in thickness. Younger clastic strata conformably overlie the
carbonate rocks and form ridges along the valley perimeters, which rise 700 to
1,500 feet above the valley floors.

About 43 Mgal/d (million gallons per day) of water is withdrawn for use
in all the valleys; 90 percent is derived from ground-water sources. Nearly
75 percent of the water is used in the two largest valleys, 49 percent in the
Nittany Valley, and another 25 percent in the Morrison Cove and Canoe Valleys.

Single wells can produce about 1,000 gal/min (gallons per minute) from
the Gatesburg and Nittany Formations; 500 gal/min from the Bellefonte and
Axemann Formations; at least 100 gal/min from the undivided Benner through
Loysburg, undivided Coburn through Loysburg, undivided Bellefonte and Axemann,
undivided Nittany and Larke, Warrior, and Stonehenge Formations; and 50
gallons per minute from the Rockdale Run, Shadygrove, and undivided Coburn
through Nealmont Formations. Wells in valleys have the greatest potential
yield and wells on hilltops the least. Other topographic positions have
intermediate yield potentials. Ideally sited wells, such as those on fracture
traces, have greater yields than do randomly sited wells. Local cave-passage
orientation correlates with local joint orientation maxima, which correlates
with local fracture-trace orientation. These relations can aid in the
selection of sites for large production wells.

Recharge to the carbonate aquifers is from precipitation directly on the
land surface and indirectly from runoff draining mountain slopes. In the
latter case, about 80 percent of runoff from mountain slopes infiltrates the
colluvium or enters sinkholes in stream channels along the valley perimeters.
An estimated 75 percent of the runoff that infiltrates flows through conduits
formed in the limestone immediately adjacent to the mountain flanks and
discharges as springs a short distance downvalley. Discharges from these
springs fluctuate greatly and some springs may be dry during periods of
baseflow. Of 42 large perennial springs in the valleys, 26 have flows greater
than 1,000 gal/min, and 3 have flows greater than 10,000 gal/min some of the
time.



Annual precipitation in the Kishacoquillas and Spring Creek basins
averages about 38 and 39 inches, respectively. About 21 inches is lost foym
each basin to evapotranspiration. Another 13 inches leaves the Kishacoquillas
basin and 16 inches leaves the Spring Creek basin as ground-water discharge.
The remaining water leaves as direct runoff. Water, in amounts equivalent to
ground-water discharge, recharge the ground-water system and are available for
use. Expressed volumetrically over the basin areas, 0.62 [(Mgal/d)/miZ?]
(million gallons per day per square mile) is available for use in the
Kishacoquillas basin and 0.80 [(Mgal/d)/mi2] is available for use in the
Spring Creek basin. During drought years, only 0.34 and 0.45 [(Mgal/d)/miZ?]
are available in the Kishacoquillas and Spring Creek basins, respectively.

The Sugar, Brush, Penns, and Big Cove Creek Valleys have similar hydrogeologic
settings to the Kishacoquillas Creek basin; the Nittany, Morrison Cove, Canoe,
and Snake Spring Valleys have similar hydrogeologic settings to the Spring
Creek basin. Similar hydrogeologic settings will have similar amounts of
ground water available for use.

Estimates of transmissivity, based on median specific capacity, range
from 15 ft2/d (feet squared per day) for the Coburn through Nealmont
Formations to 5,200 ft2/d for the Nittany Formation. Transmissivities
determined from pumping test data range from 560 ft2/d for the Benner through
Loysburg Formations to 120,000 ft2/d for the Nittany Formation. The specific
yield of the carbonate rocks, based on water table declines during baseflow in
the Kishacoquillas and Spring Creek basins, is 0.015. Interference is likely
between pumped wells spaced as much as 1,000 feet apart and is greatest
parallel to the dominant local fracture systems.

Ground-water quality is suitable for drinking and most other uses, but is
hard. Iron and manganese concentrations slightly exceed the respective 0.3
and 0.5 milligram per liter, the U.S. Environmental Protection Agency maximum
contaminant level (MCL) for potable water in less than 10 percent of the wells
sampled. Nitrate concentrations exceed the MCL of 10 milligrams per liter (as
nitrogen) in 17 of 146 wells sampled. Median concentrations of nitrate, as
nitrogen, range from 3.3 milligrams per liter in the Northern Nittany and
Penns, Sugar, and Brush Valleys to 5.9 milligrams per liter in the
Kishacoquillas Valley. Herbicides at concentrations less than proposed MCLs,
were found in 10 of 20 wells and springs sampled, but only in one sample at a
greater concentration of 20 micrograms per liter.

Noticeable effects of withdrawals on water levels were noted in the
vicinity of State College where an average of 8.1 Mgal/d is pumped from public
supply wells and from quarries for purposes of dewatering. Although adequate
amounts of potable water are available to meet current demands, monitoring of
water levels is needed to manage over droughts.

The most widespread and growing water-quality problem is an increase in
the amount of nitrate that enters the ground water from agricultural
practices. A related potential problem results from the application of
herbicides to farmland. At least nine sites that were contaminated by
petroleum and other toxic chemical leaks and spills had been discovered, were
undergoing cleanup, or were being monitored from 1983-86.



INTRODUCTION

Background

Ground water is vital to the residents of Pennsylvania. It is used for
domestic, public, commercial, and industrial supply; and, in rural areas, is
the only economical source available for water supply. Ground water also
sustains streamflow during dry periods. A continuing cooperative program
between the Pennsylvania Department of Environmental Resources (PaDER), Bureau
of Topographic and Geologic Survey and the U.S. Geological Survey develops
information that describes the ground-water resources of selected areas. The
information gathered and interpreted is published in reports for use by state
and municipal planners, consultants, and others interested in the quantity and
quality of water in Pennsylvania.

Purpose and Scope

This report describes the occurrence, movement, quantity and
availability, and quality of ground water in the Cambrian and Ordovician
carbonate rocks of the Appalachian Mountain Section of the Valley and Ridge
physiographic province. The study encompasses the 10 separate or contiguous
valleys in 7 counties of central Pennsylvania (fig. 1).

The scope of work included original field inventory to establish a
network of wells in which to make synchronous water-level measurements needed
to prepare water-table maps, and in conjunction with existing stream gages,
calculate aquifer storage and define water budgets. Well construction
characteristics and yielding ability were determined from statistical analysis
of data collected during this study and earlier studies (Taylor and others,
1982, 1985) (Wood, 1980) using the univariate procedure of the Statistical
Analysis System (Council, K.A. 1979). Analyses by PaDER of about 150 water
samples collected by U.S. Geological Survey personnel from selected wells and
springs, provided data for determining the general ground-water quality and
the extent of contamination, especially by nitrates. Some well inventory data
and water-quality analyses from earlier reports are included in the data
tables of this report and are used with new data for analysis and
interpretation. Streamflow and water-level data were collected for
Kishacoquillas and Spring Creeks and used with precipitation data from the
U.S. Department of Commerce stations at State College, Milroy, and Lewistown
for water budget and specific yield calculations.
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Description of Study Area

Location and Physiographic Setting

The 10 valleys studied extend northeast, from the southern border of
Pennsylvania, within the belt of alternating valleys and ridges that form the
northern termination of the Appalachian Mountains (fig. 1). All of the
valleys are elongate and range from about 15 mi (miles) (Locke-Blacklog
Valley) to 60 mi (Nittany Valley) in length. The boundaries between named
valleys that are connected are undefined and the names only reflect the
geographic nomenclature of U.S. Geological Survey topographic quadrangle maps.

Steep, forested ridges reaching heights ranging from 700 ft to 1,500 ft
(feet) above the valley floor, bound the valleys. Valley floors (feet) are ft
above the valley floor, bound the valleys. Valley floors are undulating, in
general, but broad, low ridges, underlain by a thick residuum, rise 300 to 500
ft in the middle of the westernmost valleys (Nittany, Snake Spring, Morrison
Cove, and Canoe). Narrower dissected linear ridges, having 30 to 50 ft of
relief, underlie the more weather-resistant dolomite formations in some
valleys. The land surface area encompassed by all the valleys totals more
than 700 mi? (square miles).

Geologic Setting

The valleys have developed on a folded sequence of Cambrian and
Ordovician age limestone and dolomite formations that total over 8,000 ft in
thickness. Shale of the Reedsville Formation stratigraphically overlies the
carbonate rock sequence and generally crops out on the flanks of the adjacent
quartzite and sandstone ridges, but is eroded from central parts of most
valleys. These rocks were formed from sediments deposited under near-shore
marine conditions over a 90 million year time span beginning about 520 million
years ago.

Each valley occurs in the central part of an anticlinal fold that
commonly is overturned slightly to the northwest. Smaller folds, thrust
faults and extension faults modify the basic structural framework in parts of
some valleys.

Population and Water Use

Between 1960 and 1980 the population of the valleys increased by an
average of 29 percent and now totals more than 150,000 people. Although most
of the population increase was in the vicinity of the Borough of State College
in the Nittany Valley, the population in all other valleys also grew at rates
ranging from 11 to 34 percent. Water use grew at least at these rates and
probably at higher rates because of the general increase in per capita water
use over this period of time.



Annual withdrawal of water from all ten valley averaged about 43 Mgal/d
during recent years (T. Denslinger, Pennsylvania Department of Environmental
Resources, written commun., 1985). More than 38 Mgal/d, or 90 percent, was
derived from ground water sources. A summary of withdrawals by major water-
use categories, excluding irrigation, is shown in figure 2. Withdrawals for
irrigation are small, 0.3 Mgal/d, and are derived mostly from ponds and
streams. Irrigation varies greatly from year to year depending on the amounts
and timing of precipitation during the growing season and economic factors.
Consumptive use in all categories is estimated at more than 8 Mgal/d.
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Figure 2.—Withdrawals of water by source and use category in the Cambrian and
Ordovician carbonate valleys of south-central Pennsyivania.



Ground water withdrawal in each of the valleys is shown by use category
in figure 3. Penns, Brush, and Sugar Valleys were combined because they have
similar geology and land use and are connected geographically. In Locke-
Blacklog Valley, less than 0.02 Mgal/d of water is withdrawn, all of it for
domestic and farm purposes. Most of the water withdrawn is in the two largest
valleys, 49 percent in the Nittany Valley and 25 percent in Morrison Cove and
Canoe Valley.
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The stratigraphic sequence of geologic units discussed below and shown on
the geologic maps (plates 1 and 21) are based on the Atlas of Preliminary
Geologic Quadrangle Maps of Pennsylvania (Berg and Dodge, 1981). Some of the
geologic formations are grouped with other formations into one unit on the
maps. The geology of each of these formations is described separately, but the
water-bearing and water-quality properties are discussed for the combined unit
unless the formation is mapped both separately and with other units on one or
both geologic maps. Properties for the combined units then are discussed and,
if the data permit, each formation also is discussed separately. The geologic
units used in this report and how they are combined and shown on plates 1 and
2! for each valley are given in table 3. Actual stratigraphic relationships
betwefn geologic units are shown in the correlation of map units on plates 1
and 2.

Reedsville Formation
C e

The Reedsville Formation, the uppermost Ordovician unit, is a medium
dark-gray to brownish- or greenish-gray shale with some interbedded siltstone
and sandstone beds. Commonly the shale is fissile but may be thick bedded
also. A black calcareous shale at the base of the formation grades into the
underlying carbonate rocks and, where prominent, has been named the Antes
Formation. This formation commonly crops out on the flanks of the ridges that
border the carbonate-rock valleys.

-] . .

This formation was not a part of the study. However, data were obtained
on 28 wells inventoried for water levels. The median specific capacity and
reported yield are 0.4 [(gal/min)/ft] of drawdown and 20 gal/min, respectively.

Water quality

No samples were collected for chemical analysis from the Reedsville
Formation for this study. However, recent analytical results from several
other studies (Taylor and others, 1982, 1983) indicate the water is moderately
hard to hard with low to moderate dissolved solids content. Excessive amounts
of iron, manganese, and hydrogen sulfide are common.

Summary evaluation

Low-production uses are readily supplied by shallow wells in the
Reedsville Formation.

1 plates are on file in the U.S. Geological Survey, Pennsylvania District
Library.



Table 3.--Stratigraphy and distribution of mapped geologic units in valleys
(Arrows extend across more than one formation where the
included formations are mapped as one unit.)
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Coburn, Salona, and Nealmont Formations, Undivided

Description

The Coburn Formation is a medium and medium- to very dark-gray, thin-
bedded, argillaceous, and fossiliferous limestone containing interbeds of
- calcareous shale. It attains a maximum thickness of 325 ft at Bellefonte in
the Nittany Valley.

The Salona Formation is a very dark-gray to black, medium- to coarse-
grained, sparsely fossiliferous limestone with some shale partings. It is
about 170 ft thick.

A 30- to 75-ft thick medium- to dark-gray unit called the Nealmont
Formation underlies the Salona. It consists of the Rodman and Centre Hall
members. The Rodman, the upper member, is medium- to dark-gray, coarsely
crystalline, and contains abundant crinoid and bryozoan fossils. The Centre
Hall is medium- to dark-gray and finely crystalline limestone. A break in
deposition occurred between deposition of the Nealmont Formation and the
underlying Benner Formation. These formations commonly outcrop adjacent to
the noncarbonate rocks on the ridge flanks.

Water-bearing properties

Unbuffered, slightly acidic runoff from the mountain ridges commonly
reaches the outcrop area of these thin formations before any other carbonate
rocks in the valleys. Therefore, these formations have the greatest potential
for solution of carbonate minerals. Major contrasts between lithologies in
adjacent beds of these formations cause differences in their relative
solubilities (Rauch, 1972). Sinkholes, large conduit passages, and caves are
well developed in the more soluble beds. Most runoff from the mountains
drains into sinkholes, flows through conduits, and discharges within hours or
days to streams (Konikow, 1969). Once conduit passages exist they are the
preferred paths of flow and further enlargement rather than small fractures.
The openings available to most wells, however, are small fractures and
solution openings that have retained recharge in storage for much longer
periods.

The median specific capacities of wells constructed for low-production
uses (29 wells) and for high-production uses (4 wells) are 0.08 [(gal/min)/ft]
and 0.12 [(gal/min)/ft], respectively. The median reported yields for 55
wells of low-production use and 11 wells developed for high-production use are
10 gal/min and 12 gal/min, respectively. A maximum yield of 90 gal/min and a
maximum specific capacity of 2 [(gal/min)/ft] were determined from the well
data for these formations. About 25 percent of all wells in these formations
yield 5 gal/min or less. Variability in the well yield and specific capacity
statistics among different valleys is negligible. Five of the 42 large
springs shown in the record of springs (table 2) yield from these formations.
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Water quality

Water from these formations is hard to very hard (median hardness 205
mg/L as CaCO,). The median of specific conductance measurements of well water
is 520 uS/cm (microsiemens per centimeter at 25 degrees Celsius) and the
median pH measurement is 7.3.

Summary evaluation

These formations can supply adequate amounts of water for low-production
use. Development of supplies of water for high-production use is possible
from some springs and from wells that intercept large conduits below the zone
of water-table fluctuation. The water will likely be hard.

Benner, Snyder, Hatter, and Loysburg Formations, Undivided

Description

The Benner Formation consists of light- to dark-gray, mostly fissile to
flaggy and thick-bedded, very-finely to finely crystalline limestone. Two
members are recognized in the Benner--the high calcium limestone Valentine
Member, at the top, and the underlying argillaceous Valley View Member that
contains interbedded metabentonite beds. The combined thickness of these
members is about 150 ft.

Below and in gradational contact with the Benner is the Snyder Formation,
an 80-ft thick, medium- to dark-gray, coarsely crystalline limestone and
limestone conglomerate containing interbeds of finely crystalline dolomitic
limestone. Laminated, mud-cracked and ripplemarked beds commonly are present.

The Hatter Formation underlies the Snyder. It is a medium- to dark-gray,
fine-grained, argillaceous, laminated, dolomitic and oolitic limestone that is
about 75 ft thick. The Hatter unconformably overlies the underlying Loysburg
Formation.

The Loysburg Formation consists of light- to medium-gray, medium- to
thick-bedded, fine-grained, shaly limestone in the upper Clover Member and
dark gray dolomite and dolomitic limestone in the lower Milroy Member. Both
members vary in thickness but have an average combined thickness of about 150
ft.

Water-bearing properties

Hydrogeologic conditions in these formations are similar to those in the
overlying Coburn, Salona, and Nealmont Formations with one exception. These
formations crop out in more central parts of the valley, especially in Penns,
Sugar, and Brush Valleys. Inflow from the adjacent ridges, therefore, is not
channeled directly into large conduits, and recharge spreads more evenly
through the existing fracture openings. A comparison of the specific
capacities and reported yields shown below with those shown for the overlying
units clearly shows the importance of this hydrogeologic difference.
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The median specific capacity for 15 low-production-use wells is 0.33
[(gal/min)/ft] and for 4 high-production-use wells is 17 [(gal/min)/ft].
Median reported yields of 36 low-production-use and 9 high-production-use
wells are 22 and 60 gal/min, respectively. The maximum well yield reported is
350 gal/min. About 10 percent of the wells yield 5 gal/min or less. Four
large springs of the 42 listed in the Record of Springs (table 2) discharge
from these formations.

Water quality

Water is hard to very hard (median hardness 205 mg/L as CaCO,). The
median specific conductance is 565 uS/cm and the median pH is 7.3. 1Iron and
manganese in three of 21 wells sampled exceeded the secondary maximum
contaminant level (SMCL) recommended by the U.S. Envirommental Protection
Agency (USEPA) (1986b) of 300 pg/L (micrograms per liter) for iron and 50 ug/L
for manganese. Concentrations in two samples exceeded the MCL for nitrate
(U.S. Environmental Protection Agency, 1986a) of 10 mg/L and the SMCL of 500
mg/L for total dissolved solids (U.S. Environmental Protection Agency, 1986b).

Summary evaluation

Supplies of hard water are readily available for low-production use from
wells in these formations. Supplies for high-production use are available
from some springs and from wells that intercept cavity systems below the zone
of water-table fluctuation.

Coburn through Loysburg Formations, Undivided

Description

Formations in the stratigraphic interval between the top of the Goburn
and the base of the Loysburg Formations are mapped as one unit in the southern
part of the Nittany Valley and in all the valleys farther to the south.
Lithologic characteristics are similar to the equivalent units described.

Water-bearing properties

Statistical values of the water-bearing properties for the undivided
rocks, fall between the upper and lower statistical values of the separate
rock units, as would be expected. For low-production uses, the median
specific capacity of 16 wells and median reported yield of 43 wells are 0.17
[(gal/min)/ft] and 8 gal/min, respectively. The median reported yield of six
high-production-wells is 30 gal/min. The maximum specific capacity measured
is 2.3 [(gal/min)/ft] and the maximum yield reported is 100 gal/min. One of
the large springs listed in table 2 discharges from this geologic unit.
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Water quality

Water from this stratigraphic interval is hard to very hard. A median
hardness of 188 mg/L was determined for water from these rocks. The median pH
and specific conductance of well water are 7.3 and 460 uS/cm, respectively.
One of the 10 samples analyzed exceeded the USEPA's SMCL for dissolved solids.
Another sample exceeded the SMCL for iron, and two others exceeded the SMCL
for nitrate.

Summary Evaluation

Yields of up to 100 gal/min of hard water are obtained from wells in
these formations. Large solution cavity systems below the zone of water-table
fluctuation, if intercepted by a well, could provide high-production-use
supplies.

Bellefonte Formation

Description

The upper Tea Creek Member of the Bellefonte Formation is light- to
medium-gray, very fine-grained dolomite. Medium-gray dolomite of the lower
Coffee Run Member also contains sandstone beds and chert. The combined
thickness of both members is about 1,400 ft.

Water-bearing propexties

The median and maximum specific capacities of 32 low-production-use wells
in the Bellefonte Formation are 0.20 and 17 [(gal/min)/ft], respectively.
Similarly, the median and maximum reported yields for 77 low-production-use
wells are 12 and 120 gal/min. For high-production-use wells, the median
specific capacity for 11 wells is 0.46 [(gal/min)/ft] and the maximum specific
capacity is 20 [(gal/min)/ft]. The median and maximum reported yields for
high-production-use wells are 26 and 500 gal/min, respectively. About 15
percent of all wells have yields reported to be less than 5 gal/min. Eleven

of the 42 large springs shown in table 2 discharge from the Bellefonte
Formation.

Water quality

Water from the Bellefonte Formation is very hard. The median values of
hardness, pH, and specific conductance are 239 mg/L as CaCO,, 7.3, and 570
pS/cm, respectively. Three of 33 wells exceed the SMCL for iron, one of 30
for manganese, and five of 33 exceed the MCL for nitrate.

Summary evaluation

Yields in excess of 500 gal/min of potable water are possible from wells
located at the most favorable sites in the Bellefonte Formation.
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Axemann Formation

Description

Light- to dark-gray, coarsely crystalline, fossiliferous limestone
interbedded with silty, fine-grained limestone and silty, fine-grained
dolomitic limestone characterize the Axemann Formation. Chert concretions and
oolitic, conglomeratic limestone are also present. The Axemann averages about
500 ft in thickness but ranges from 400 to 700 ft.

Water-bearing properties

The median and maximum specific capacities for data from seven low-
production-use wells in the Axemann Formation are 0.93 and 16 [(gal/min)/ft].
The median reported yield for 16 low-production-use wells is 20 gal/min. The
maximum reported well yield is 700 gal/min from a high-production-use well.
Only one of 18 wells is reported to yield less than 5 gal/min.

Water quality

Water from wells in the Axemann Formation is very hard (median hardness,
257 mg/L as CaCO,;). The median pH and specific conductance of water from
wells in this formation are 7.5 and 619 uS/cm, respectively.

S a valuation

Large supplies of very hard water can be obtained from favorably located
wells in the Axemann Formation. A residential supply probably can be
developed from any randomly located well.

Bellefonte, Axemann Formations, Undivided

Description

The Bellefonte and Axemann Formations are mapped as one unit in the
Morrison Cove, Canoe, and Kishacoquillas Valleys, and in the southeastern end
of the Nittany Valley. Descriptions of rocks are the same as for the separate
formations.

Water-bearing properties

The median and maximum specific capacities of 14 low-production-use wells
are 0.25 and 5.6 [(gal/min)/ft], respectively. The median and maximum
reported yields for 45 low-production-use wells are 10 and 150 gal/min,
respectively. About 25 percent of all wells yield less than 5 gal/min. Five
of the 42 large springs listed in table 2 yield from this geologic unit.
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Water quality

Water from all wells is very hard. The calculated median values of
hardness, pH, and specific conductance are 239 mg/L as CaCO,, 7.2, and 605
uS/cm, respectively. Iron in water from one of 11 wells and manganese in
water from one of 9 wells exceed the USEPA's SMCL.

Summary evaluation

Most wells provide adequate supplies of water for residential and other
low-production-uses. Wells at favorable sites will yield 50 gal/min and may
yield more than 500 gal/min. Water is very hard.

Rockdale Run, Nittany, Nittany and Larke, and Stonehenge Formations

The Rockdale Run is the lateral equivalent of the lower part of the
Bellefonte Formation and the Nittany and Axemann Formations in Big Cove Creek
Valley. The Larke Formation is the lateral equivalent of the Stonehenge
Formation, and is mapped with the overlying Nittany Formation to the south and
west in the southern part of the Nittany Valley, the Snake Spring Valley,
Morrison Cove and Canoe Valleys, and Big Cove Creek Valley.

Rockdale Run Formation
Description

Rocks of the Rockdale Run Formation are mostly light- to medium-gray,
laminated, fine-grained limestone with some beds of dolomite near the top that
contain small white chert rosettes. The lower part of the formation contains
abundant brown, chert-bearing dolomite beds.

Water-bearing properties

Information is available from only two wells in this formation. Reported
yields and specific capacities of these wells are 16 and 40 gal/min and 0.4
and 0.44 [(gal/min)/ft], respectively. Data from 41 wells in the Rockdale Run
Formation in adjacent Franklin County have a median specific capacity of 0.6
[(gal/min)/ft]. About 25 percent of these wells yield less than 5 gal/min.

Water quality

No water-quality information is available for this formation in the study
area. In Franklin County, the water from this formation is very hard.

Summa evaluation

The Rockdale Run Formation should supply at least 50 gal/min of hard
water to wells.
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Nittany Formation

Description

The Nittany Formation is composed of finely to coarsely crystalline,
alternating light- and dark-gray beds of dolomite that contains siliceous
oolites and some sandy and cherty beds. The Nittany is about 1,200 ft thick.

Water-bearing properties

The median and maximum specific capacities of seven low-production-use
wells in the Nittany are 0.6 and 160 [(gal/min)/ft], respectively. For 20
high-production-use wells, the median and maximum specific capacities are 33
and 600 [(gal/min)/ft], respectively. Eight of the 22 reported yields for
high-production-use wells in the formation exceed 1,000 gal/min. The median
and maximum yields for the 22 high-production-use wells are 537 gal/min and
2,200 gal/min, respectively. About 15 percent of all wells yield less than 5
gal/min. Four of the 42 large springs listed in table 2 discharge from the
Nittany Formation.

Water quality

The median pH, specific conductance, and hardness of water from wells are
7.4, 610 uS/cm, and 211 mg/L as CaC0,, respectively. Water from the Nittany
Formation ranges from hard to very hard. Water analyzed from one of the ten
wells sampled exceeds the USEPA’s MCL for nitrate and the SMCL for total
dissolved solids.

Summary evaluation
Yields in excess of 1,000 gal/min are obtained from wells that intercept

large openings of interconnected fracture systems. Very hard, potable water
is available from the Nittany Formation.
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Nittany and Larke Formations, Undivided

Description

The Nittany Formation has been described previously. The Larke Formation
is a dark-gray, coarsely crystalline dolomite containing fine-grained,
laminated dolomite in the lower part, and some thick beds of fine-grained
limestone. It is the stratigraphic equivalent of the Stonehenge Formation and
is mapped with dolomites of the Nittany Formation in the Snake Spring,
Morrison Cove and Canoe Valleys, and the southern tip of the Nittany Valley
(Wagner, p. 19; Butts, 1939). The Larke Formation is about 250 ft thick.

Water-bearing properties

The median and maximum specific capacities of 35 low-production-use wells
in these combined formations are 0.27 and 74 [(gal/min)/ft], respectively.
Similarly, the median and maximum reported yields of 81 low-production-use
wells are 10 and 200 gal/min, respectively. The reported yields of the two
high-production-use wells are both 150 gal/min. For about 20 percent of the
wells, reported yields are less than 5 gal/min.

Water quality

Well water has a median hardness of 214 mg/L, as CaCO,, and is very hard.
A median pH of 7.3 and a median specific conductance of 492 uS/cm was
calculated for well water in this unit. Iron and dissolved solids
concentrations in water from 2 of 17 wells and manganese concentrations in
water from 5 of 14 wells exceed the USEPA’'s SMCLs for these constituents.
Concentrations of these constituents in water from 3 of 17 wells exceed the
MCL for nitrate. '

Summary evaluation
Some wells yield more than 100 gal/min. Specific-capacity data suggest a

few wells in very favorable locations can supply more than 1,000 gal/min.
Water from most wells is very hard.
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Stonehenge Formation

Description

The Stonehenge Formation is a medium- and dark-gray, finely crystalline
limestone that contains thin laminae, bands, or up to 6-foot thick interbeds
of dolomite. Thin, flat pebble conglomerate and flaggy beds characterize the
lower part of the formation and chert nodules are present near the base. The
thickness of this formation ranges from 250 to 600 ft.

Water-bearing properties

A median of 30 gal/min was calculated from reported yield data for 11
low-production-use wells. The maximum well yield reported is 100 gal/min.
All well yields reported exceed 5 gal/min. Specific capacities of 0.39, 0.49
and 3.9 [(gal/min)/ft] were determined for the three wells.

Water quality

Water from the Stonehenge Formation is hard to very hard (median hardness
171 mg/L as CaCO,), has a median specific conductance of 339 uS/cm, and a
median pH of 7.5.

Summary evaluation

Most wells can supply adequate quantities of water for residential and
other low-production-uses. Wells in favorable locations typically yield more
than 100 gal/min.

Shadygrove and Gatesburg Formations

The Shadygrove Formation in Big Cove Creek Valley is the lateral
equivalent of the Mines Member of the Gatesburg Formation (Berg and others,
1983). Pierce (1966, p.6), in the McConnelsburg quadrangle, mapped these
rocks as the upper part of the Conococheague Group. Root (1968) mapped 650 ft
of rocks as the Shadygrove Formation in southeastern Franklin County. Clark
(1970) recognized a thinner sequence as Shadygrove in western Franklin County
but did not give it formation status.

The Gatesburg is the uppermost formation of Cambrian age and consists of
five members. In descending order, these are the Mines, upper sandstone, Ore
Hill, lower sandstone, and Stacy Members. Only the Mines Member is mapped
separately in parts of the Nittany Valley. Here, the remaining four members
are grouped as one unit and informally called the "lower members." Each of
the lower members was defined by Butts (1918, p. 527).
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Shadygrove Formation

Description

The Shadygrove Formation consists of medium-gray, fine-grained, banded
limestone containing minor amounts of edgewise conglomerate, oolites, and
crossbedded sandstone. Pink and light-gray marbleloid limestones are
prominent near the top of the formation. Sandy, light-colored chert blocks
are present in the soil residue.

Water-bearing properties

Yields reported for two wells in the Shadygrove are 30 and 50 gal/min.
The only specific capacity is 2 [(gal/min)/ft]. Slightly lower values of
specific capacity (median 1.3 [(gal/min)/ft]) and well yield (median 18
gal/min) were obtained by Becher and Taylor (1982) in Franklin County.

Water qualit
Data are available from only one well. Water from this well is very hard

(190 mg/L as CaCOy).

S ary _evaluation

Yields of 50 gal/min of potable water can be expected from wells in the
Shadygrove Formation.

Gatesburg Formation, Undivided

Description

The description of the rocks is a composite of those for the individual
members, discussed later.

Water-bearing properties

Specific capacities for six high-production-use wells in the Gatesburg
Formation have median and maximum values of 8.6 and 30 [(gal/min)/ft],
respectively. The median and maximum yields reported for eight high-
production-use wells are 165 and 300 gal/min, respectively. For low-
production-use wells, the median reported yield of 54 wells is 10 gal/min and
the median specific capacity for 19 wells is 0.10 [(gal/min)/ft]. About 20
percent of all wells have reported yields that are less than 5 gal/min.

20



Water quality

The median values of pH, specific conductance, and hardness are 7.5, 355
puS/cm, and 154 mg/L as CaCO,, respectively. The water ranges from soft (17
mg/L as CaC0,) to very hard (290 mg/L as CaCO,). Water from one of the 18
wells sampled exceeded the USEPA’s SMCL for iron.

Summary evaluation

Wells commonly yield 100 gal/min, but yields in excess of 500 gal/min can
be obtained. Although the water is hard, water quality is excellent .

Mines Member of Gatesburg Formation

Description

The Mines Member is mostly a dark-gray, coarse-grained dolomite. Landon
(1963) measured the thickness as 230 ft in the Bellefonte quadrangle but
reported 150 ft further south. Weathering of this member leaves a clay soil
containing abundant oolitic chert composed of little black spherules in a
lighter colored groundmass.

Water-bearing properties

The clay soil overlying the Mines Member causes water to pond at the
surface; at depth, it produces a discontinuous shallow perched water-table
system that may be more than 100 ft above the main ground-water system in the
Nittany Valley. The specific capacities of two low-production-use wells in
the Mines Member are 2.3 and 9.4, and for the one high-production-use well,
380 [(gal/min)/ft]. The median yield reported for six low-production-use
wells is 60 gal/min and the maximum yield reported is 8,000 gal/min. One half
of the 14 yields reported are for wells drilled for high-production-use. No
well yield of less than 30 gal/min is reported from this member.

Water quality

Water ranges in hardness from soft to very hard (34 to 310 mg/L as
CaCO;). The median pH, hardness, and specific conductance are 7.6, 137 mg/L
as CaCO,, and 360 uS/cm, respectively. Concentrations in water from one of
the three wells sampled exceed the USEPA’'s SMCL for iron and the MCL for
nitrate.

Summary evaluation

Wells in the Mines Member can supply potable water for high-production
needs in excess of 1,000 gal/min.

21



Lower Members of Gatesburg Formation

Description

The upper and lower sandstone members have essentially the same
lithology. They are composed of dark-gray, thin-bedded, microcrystalline,
silty dolomite, that weathers buff-colored; thin-bedded, finely crystalline,
shaly dolomite; and coarse-grained quartzose sandstone beds that grade, in
ascending order, from conglomerate to sandstone. A 40-ft zone of interbedded
limestone and sandstone is present in the upper sandstone. Each of the
sandstone members is about 600 ft thick. Between the sandstone members is the
Ore Hill Member, a dark-gray, massively bedded, coarsely crystalline dolomite
that is between 130 and 310 ft thick. South of Williamsburg this member
grades to thin bedded limestone (Landon, 1963). The Stacy Member is a dark-
gray medium and coarsely crystalline dolomite interbedded with oolitic and
cryptozoan-bearing dolomite. This member is present only in the Snake Spring
(Knowles, 1966), Morrison Cove, and Canoe Valleys (Butts, 1945) and is defined
as the rocks between the sandstone float of the lower sandstone member and the
limestone of the underlying Warrior Formation. Partly as a result of this
definition, the Stacy Member is variable in both occurrence and thickness. It
is not reported in the Nittany Valley (Wood, 1980) but 68 ft were measured in
Snake Spring Valley (Knowles, 1966), and about 500 ft is reported by Butts
(1945) in Morrison Cove and Canoe Valley.

Water-bearin roperties

A residual clay soil has formed over the Ore Hill Member and commonly
results in ponding of water and a perched water-table, similar to that in the
Mines Member. Water levels in wells Ce 408 and 409, 800 ft apart, show this
condition; these wells are 325 ft and 65 ft deep, respectively. The altitude
of water levels in the respective wells is 1,070 and 1,300 ft. Sandier soils
overlying the other members of the Gatesburg Formation allow the rapid passage
of infiltrating water.

The median and maximum specific capacities of 17 high-production-use
wells are 21 and 380 [(gal/min)/ft], respectively. For the same use category,
the median and maximum reported yields of 18 wells are 467 and 8,000 gal/min,
respectively. The medians of 7 specific capacities and 14 reported yields of
low-production-use wells are 15 [(gal/min)/ft] and 60 gal/min. All wells
yield more than 5 gal/min.

Water quality
Water is moderately hard to hard (median hardness 120 mg/L as CaCO,), has

a median pH of 7.6, and a median specific conductance of 344 uS/cm. One of
the four water samples analyzed contained iron in excess of USEPA’s SMCL.
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Summary evaluation

Wells in the lower members of the Gatesburg Formation can be expected to
provide large supplies of moderately hard water for high-production uses.
Yields of more than 1,000 gal/min can be obtained.

Warrior Formation

Description

Butts (1918, p. 528) described the Warrior Formation in the Snake Spring
Valley. It is also exposed in the Morrison Cove and Canoce Valley (Butts,
1945) and the Nittany Valley (Wilson, 1952). The upper part of the Warrior
Formation is dark-gray, mostly limestone with interbedded dolomite, and the
lower part is mostly dolomite with some interbedded limestone. Stromatolitic
and oolitic beds and interbeds of sandstone or shale are also present. The
thickness of this formation is 1,250 ft, as measured by Butts (1945) at
Williamsburg in the Canoe Valley, and 1,350 ft, as measured by Wilson (1952)
at Warriors Mark Creek in the Nittany Valley.

Water-bearing properties

The median and maximum specific capacities of 13 low-production wells are
0.85 and 2 [(gal/min)/ft], respectively. The median and maximum of 19 well
yields reported are 17 and 150 gal/min, respectively. About 10 percent of all
wells have reported yields of less than 5 gal/min.

Water quality

The median values of pH, specific conductance, and hardness, in the same
order, are 7.3, 503 puS/cm, and 171 mg/L as CaCO;, respectively. Water ranges
from moderately hard (100 mg/L as CaCO,) to very hard (380 mg/L as CaCo,).

Summary evaluation

Almost all wells in the Warrior Formation will yield adequate supplies of
good quality water for low-production uses. Well yields of 50 gal/min or more
are common.
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Pleasant Hill and Waynesboro Formations

Description

The Pleasant Hill Formation is exposed only in small areas of three fault
blocks: one in the Nittany Valley, another in the Canoe Valley, and the third
in Morrison Cove. The upper 200 ft of this formation is a dark-gray, fine-
grained limestone containing fossiliferous, oolitic, and conglomerate layers
(Butts, 1945). The lower 400 ft is micaceous and weathered outcrops yield
shale debris.

The Waynesboro contains greenish-gray and grayish-purple shale,
sandstone, quartzite, and conglomerate. Because only part of it is exposed in
one small area in Morrison Cove, its total thickness is not known, but it
exceeds 200 ft.

Summary evaluation

No well or spring data are available for these formations.

Occurrence and Movement of Water

Water enters each of the valleys as streamflow, runoff from adjacent
ridges, and precipitation. It leaves as water vapor through evaporation and
plant transpiration, streamflow, and infiltration into the soil followed by
percolation into the ground-water reservoir; most ground water ultimately
discharges to streams.

Surface Drainage

Many small streams drain the valleys. Cove Creek, in the Snake Spring
Valley, discharges into the Raystown Branch Juniata River, and Clover Creek,
in the Morrison Cove and Canoe Valley, enters the Frankstown Branch of the
Juniata River. The Sugar, Brush, and Penns Valleys are drained by Fishing,
Elk, and Penns Creeks, respectively. Fishing Creek drains to the north into
the West Branch Susquehanna River. Penns Creek receives the drainage from the
westward flowing Elk Creek and flows east, eventually discharging into the
Susquehanna River. The Nittany Valley is drained by Spruce Creek in the
south, Spring Creek in the center, and Little Fishing Creek in the north.
Spruce Creek flows southward into the Raystown Branch Juniata River; Spring
Creek and Little Fishing Creek flow northwestward into Bald Eagle Creek, and
their combined flow eventually reaches the West Branch Susquehanna River.
Kishacoquillas Creek drains the Kishacoquillas Valley and flows southward to
the Juniata River. Blacklog Creek drains Locke-Blacklog Valley to the west
and its waters eventually flow northward into the Juniata River. Big Cove
Creek, in the valley of the same name, also drains to the west, but its water
flows southward and discharges through the Potomac River basin.
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Flow System in the Carbonate Rocks

Ground-water recharge

The carbonate aquifer is recharged from precipitation directly by
infiltration and indirectly by infiltration of the surface runoff from
adjacent mountains. Direct recharge occurs almost everywhere in the carbonate
valleys. Recharge is greatest during the period from about October through
April each year when temperatures are lowest and vegetation is dormant.
However, recharge of the carbonate aquifer occurs at any time of year from a
steady soaking rain.

The recharge process is complex inasmuch as percolation rates vary and
arrival in the main ground-water body may lag precipitation by hours, days,
months, or perhaps even years. Soil thickness, texture, composition,
inhomogeneity, and moisture content control percolation to the main ground-
water reservoir. Clay in soils formed over the argillaceous limestone of the
Coburn through Loysburg Formations locally retards downward movement. Water
that enters the soil can move laterally and downgradient for long distances
before entering the main ground-water reservoir. Meiser and Earl (1977)
describe a three-part ground-water system in the soil overburden and rock of
these limestone formations northeast of State College near Nittany Mountain.
They report a "near-surface soil system, an intermediate-level saturated bed-
rock water table, and a deep conduit underdrain system. These systems must be
imperfectly interconnected* * *the surface system must leak through the soil
to some extent to provide recharge to the bedrock water table; and the
saturated bedding planes and fractures of the intermediate system leak slowly,
because of the poor degree of their interconmnection, to the conduit* * * "
Some recharge must enter all three systems as water levels rise quickly in
each following precipitation.

Direct recharge to the main body of ground water in the Gatesburg
Formation may be delayed for months. The hydrograph of well Ce 118 (fig. 4)
in the Gatesburg Formation of the Nittany Valley shows only a seasonal rise
and fall with a lag time of several months. Individual storms do not cause
rises in water level, and dry periods do not cause declines in water level as
can be seen in the hydrograph for well Ce 636 (fig. 5) in Penns Valley.
Instead, some water is perched above the Gatesburg Formation in local ground-
water systems near land surface and in nearby ponds. Residual clay, probably
from the Mines and Ore Hill Members (Landon, 1963, p. 62), thick overburden
(commonly 100 to 200 ft) and the deep water levels (commonly exceeding 200 ft)
are the main causes for the delayed recharge. A lag of 1 year in recharge to
the Gatesburg Formation is reported by Giddings (1974, p. 30) for 1967,
following a 7-year period of drought.
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Figure 4.—Hydrograph of well Ce 118 in the Gatesburg Formation and daiy
precipitation at State College, Pennsylvania.
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Water infiltrating the colluvium on the flanks of mountain ridges, either
directly from precipitation or through stream channels, is an important source
of recharge to the carbonate-rock aquifers in the adjacent valleys. Konikow
(1969, p. 111) calculated that 80 percent of this water enters the carbonate-
rock aquifers in the Nittany Valley, but only 25 percent actually increased
ground-water storage. Most water from mountain streams that enters the
carbonate aquifer returns to the surface, usually only a short distance down
the valley, through springs fed by conduits in the limestone formations
immediately adjacent to the mountain flanks. Discharge from these springs may
be large, exceeding 10,000 gal/min, in response to precipitation and snowmelt,
but baseflows commonly are an order of magnitude lower and can be zero.

Water levels

Water levels rise as net storage increases in response to recharge and
fall as net storage decreases in response to discharge from the aquifer, either
by natural processes or by pumping. The hydrographs of wells reflect changes
in aquifer storage. Seasonal changes are shown most clearly by figures 6 and
7, the hydrographs of wells Bd 508 and Ce 580 in Snake Spring and Nittany
Valleys, respectively. The boreholes of these wells do not intercept
percolating water directly. Therefore, only the widely distributed effects of
recharge from individual rainfalls appear in the hydrograph.

Contours of the potentiometric surface, based on water-level
measurements made in a network of about 500 wells, are shown on plates 1 and
22, Water-level measurements were made in May 1984, for wells in the
Kishacoquillas and Snake Spring Valleys; in April through June of 1984, for
wells in Morrison Cove and Canoe Valley:; in April and May of 1985, for wells in
the Sugar, Brush, Penns, and Nittany Valleys; in June and July of 1985, for
wells in Big Cove Creek Valley; and in July 1986, for wells in Locke-Blacklog
vValley.

The potentionietric contours show that ground water tends to flow from the
mountains toward the valley centers and then laterally down the valley.
Although movement tends to be toward the valley centers, much of the conduit
flow is parallel to the valley trend, even along the valley sides.

Water-level measurements also were obtained for the network wells in the
fall of the same year the spring measurements were made in all but Big Cove
Creek and Locke-Blacklog Valleys.

Statistical comparison of the changes in water level from spring to fall,
by geologic unit, shows that the water levels decline least in the Gatesburg
Formation; the average decline is 2.2 ft, excluding the maximum and minimum 10
percent of the changes. The upper and lower 10 percent of the data was
excluded to eliminate major affects from a few large or small changes in water
level on the data. Seasonal declines in the Gatesburg are greatest in the
Nittany Valley (averaging 2.9 ft) where withdrawals also are greatest. Maximum
declines in water level were in the Bellefonte Formation of Penns and Sugar
Valleys. The decljne averaged 21 ft, excluding the maximum and minimum
10 percent of the changes. Average seasonal declines for all valleys and rock
units was 9 ft.

2 plates are on file in the U.S. Geological Survey, Pennsylvania District
Library.
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Water Budget

A water budget is a quantitative expression of the balance between the
major components of water moving in and out of an area. It is a measure of
the total water resource available under natural conditions. A simplified
equation of this balance that assumes no inflow enters the system from across
ground-water divides is:

P =Rs + Rg + AS + ET (1)

where P = precipitation,
Rs = the surface-runoff component of total streamflow,
Rg = the ground-water-discharge component of total streamflow
(base flow),
AS = change in ground-water storage, and
ET = water loss (chiefly evaporation and transpiration).

Water budgets were developed for two of the ground-water basins in the
study area. Each selected basin has a long streamflow record and is
representative of one of the two hydrogeologic basin types prevalent in the
carbonate valleys. The Spring Creek ground-water basin contains a central
area underlain by interbeds of carbonate-cemented sandstone and sandy dolomite
of Cambrian age, including the Gatesburg Formation, that is characteristic of
all the western-most carbonate valleys. The Kishacoquillas Creek ground-water
basin and the remaining carbonate valleys, with the exception of Big Cove
Creek Valley, expose only Ordovician age carbonates, largely interbedded
limestone and shaly limestone. The sandy Cambrian age rocks that lie deep
beneath younger carbonates have not been tested but probably store little, if
any, usable fresh water.

Table 4 shows the average annual water budgets for the Kishacoquillas
Creek for water years 1941-70 and for Spring Creek for 1968-83. Data for
long, equivalent periods of time were not available for these stations. Water
budgets are also shown for the 1984 and 1985 water years in both basins.

Table 4.--Water budgets for representative ground-water basins
[All values are in inches unless stated otherwise;

--, no data)
Ground-
Surface water Water
Precipitat.ion1 runoff discharge losses
Water year(s) (P) (Rs) (Rg) (ET)
Spring Creek at Milesburg
1968-83 (average) 39.30 2.23 16.54 20.53
Percent of precipitation -- 6 42 52
1984 46.07 3.62 20.20 22.25
Percent of precipitation -- 8 b4 48
1985 35.38 1.10 16.35 17.93
Percent of precipitation -- 3 46 51
Kishacoquillas Creek at Reedsville
1941-70 (average) 38.17 3.95 12.98 21.24
Percent of precipitation -- 10 34 56
1984 52.90 7.80 17.28 27.82
Percent of precipitation -- 15 33 52
1985 40,50 2.62 12.18 25.70
Percent of precipitation -- 7 30 63

1 Precipitation for Spring Creek is at State College (precipitation for April
and September 1984, and April and May 1985 is at Tyrone). Precipitation for
Kishacoquillas Creek is at Milroy (precipitation for water years 1941-43,
1951, and some months in 1945 and 1952 is at Lewistown).
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Precipitation

Records of the U.S. Weather Bureau stations at Milroy and Lewistown
provided precipitation (P in equation 1) data for the Kishacoquillas ground-
water basin and from the stations at State College and Tyrone for the Spring
Creek ground-water basin. Records from Lewistown and Tyrone were used to
provide data during periods of missing data at Milroy and State College.

Precipitation varies monthly, seasonally, and annually, as well as
geographically. Figures 9 and 10 illustrate the temporal variability. These
two bar graphs compare the geographic variability of precipitation between
stations that are less than 20 mi apart. Long term average monthly
precipitation shown on the graphs indicates that each of the summer months of
May through August average about 25 percent more precipitation than the other
months of the year. Summer precipitation is also the most variable
geographically, because most of it comes from local showers and thunderstorms
rather than the regional storm patterns prevalent at other times of the year.

Precipitation averaged 38.17 in. in the Kishacoquillas basin for the 30-
year period from 1941-70 and 39.30 in. in the Spring Creek basin for the 16-
year period from 1968-83. A comparison of these averages with precipitation
in 1984 and 1985 indicates that, in 1984, precipitation exceeded the average
by 39 percent in the Kishacoquillas Valley and 17 percent in the Spring Creek
basin. For 1985, precipitation was 6 percent above average in the
Kishacoquillas basin and 11 percent below average in the Spring Creek basin.
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Figure 9.--Monthly precipitation during water years 1984-85 at Milroy,
Pennsylvania and average monthly precipitation from 1941-70.
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Figure 10.--Monthly precipitation during water years 1984-85 at State College,
Pennsylvania and average monthly precipitation from 1968-83.

Streamflow

Streamflow (Rg + Rs in equation 1) was obtained from records of the U.S.
Geological Survey for gaging stations on Kishacoquillas Creek at Reedsville
(1941-70, 1984, 1985) and Spring Creek at Milesburg (1968-85). Between 1970
and 1984, the Reedsville station was not active, and the Milesburg station was
not established until 1968. The average annual streamflow for Kishacoquillas
Creek and Spring Creek are 6.454 x 109 ft3 (cubic feet) and 7.371 x 109 ft3,
respectively. These discharges are equivalent to 16.93 in. and 18.77 in.
spread across the respective basins.

Ground-Water Discharge

The importance of ground-water input (base flow or Rg in equation 1) to
total streamflow is shown by the hydrographs in figures 11 and 12. In summer
and fall, streamflow is maintained almost entirely by ground-water discharge.
Only in winter and spring is direct runoff a significant part of streamflow.

Base flow was separated from total flow using the "Fixed Interval Method"
developed for computer analysis of daily streamflow by Pettyjohn and Henning
(1979). Ground-water discharge and base flow are considered to be equivalent
terms since little, if any, water can bypass the gaging stations,

Ground-water discharge averaged 4.946 x 109 ft3® annually from the
Kishacoquillas Creek basin and 6.57 x 109 ft3 from the Spring Creek basin.
These discharges are equivalent to 12.98 and 16.54 in. spread over the
respective ground-water basins. Ground-water discharge accounts for about 34
and 42 percent of precipitation in the Kishacoquillas and Spring Creek basins,
respectively.

34



DISCHARGE, IN CUBIC FEET PER SECOND

DISCHARGE, IN CUBIC FEET PER SECOND

5,000 | I R R N SE B N S S R SN R R R e M S RN S R S |

-------- TOTAL DISCHARGE

GROUND WATER DISCHARGE
4,000 | =1

'
2
3,000 i —
2,000 ' -
.
.
] N
2 ~
" § N
' W ~
" " ~
i ' 3
" 3
N H " N
1,000 |- R i ; 7]

Soivaseann
P rioireess

0
ONDJFMAMUJ J ASONDUJIFMAMIJI AS
1983 1984 1985
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Figure 12.——Discharge of Spring Creek at Milesburg, Pennsylvania,
water year 1984-85,

35



Surface Runoff

Surface runoff (Rs in equation 1) was computed as the difference between
total streamflow and ground-water discharge. Runoff averaged 1.508 x 109 ft3
from the Kishacoquillas Creek basin and 0.881 x 109 ft3 from the Spring Creek
basin. These amounts are equivalent to 3.95 and 2.23 in. spread over the
respective ground-water basins.

Evapotranspiration

Water lost to the atmosphere by evaporation from surface bodies of water,
wetted surfaces, moist soil, and by transpiration of plants constitute the
largest output component in the water budget. Evapotranspiration (ET in
equation 1) losses decline rapidly in early fall as plant growth stops and
temperatures decrease. Through late fall and winter, ET is negligible, but in
early spring it increases rapidly and reaches a maximum in summer. Commonly,
recharge to the ground-water system and streamflow are greatest when ET is
least and least when ET is greatest.

ET was calculated in the budget as the difference between precipitation
and total streamflow. The average annual loss to ET is 21.24 in. from the
Kishacoquillas basin and 20.53 in. from the Spring Creek basin. These losses
constitute 56 percent and 52 percent of average annual precipitation in the
respective basins.

Ground-Water Storage

Normally, changes in ground-water storage (AS in equation 1) are large
from season to season but are negligible when averaged over periods of many
years. Similarly, the amount of soil moisture stored in the unsaturated zone
above the water table may vary by several inches from season to season or from
year to year but when averaged over periods of many years is not a significant
amount. Therefore, in the long-term budget analysis in table 4, ground-water
storage changes are assumed to be zero. In other words, recharge equals
discharge over the long term.

A small net change in ground-water and soil-moisture storage are believed
to have occurred during the project in the 2-year period between October 1983
and September 1985. Base flow at the beginning of water year 1984 was nearly
the same as at the end of water year 1985 in both basins and was the total
flow both of these times. Precipitation in late September 1985 was sufficient
at both Lewistown and State College stations to cause some additions to soil
moisture content. Although the hydrographs of wells Mf 344 and Mf 367, in the
Kishacoquillas Valley (fig. 13), did not show any residual additions to
storage from the precipitation, ground-water levels were slightly higher at
the end of the 2-year period than at the beginning. Most of the precipitation
was lost to ET, based on the effects shown in stream and well hydrographs.
Net changes to ground-water storage for the period are believed to be less
than 0.2 in. and were not considered significant in the water budget
(table 4).
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Figure 13—-Water levels in wells Mf 344 and Mf 367.
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Availability of Water

A reasonable estimate of the quantities of ground water available for use
in the valleys can be calculated from the water-budget study. Most surface
runoff moves out of the drainage basin within 3 days after the rainfall that
produced it and is not available for in-basin uses. Ground water is the only
continuously reliable source of water.

The average discharge of ground water to streams is 0.62 Mgal/d for each
square mile of land surface in the Kishacoquillas Creek ground-water basin.
Comparatively, 0.80 Mgal/d of ground water discharges for each square mile of
land surface in the Spring Creek ground-water basin. These amounts are
available for use even if none of the water re-enters the ground-water system
after use. However, to have these amounts of water available, the ground
water must be captured rather than allowed to leave the basin and severely
deplete the streamflow. During drought years only 0.34 Mgal/d and 0.45 Mgal/d
of water for each square mile in the Kishacoquillas and Spring Creek basins
are available, respectively, based on the minimum annual ground-water
discharges.

The calculated yields available from the Spring Creek basin can be
extended to all the western carbonate valleys (Snake Spring, Morrison Cove,
Canoe, and Nittany) because of their similar hydrogeologic characteristiecs.
Extrapolation of the calculated yields available for the Kishacoquillas Creek
basin to the remaining carbonate valleys is reasonable, but there is more
diversity in hydrogeologic character between these valleys than between the
western carbonate valleys.

The yields given are averages only and cannot be applied directly in any
small area. Inhomogeneities in the hydrogeologic character of the rocks will
reduce the yields below these averages in some areas and increase them in
other areas. A comparison of area yields based on formation statistics and
multiple-well aquifer tests is discussed in a later section of this report.

WATER YIELDING PROPERTIES OF ROCK UNITS

Aquifers are rocks or rock materials that store water in openings and
transmit usable quantities to wells and springs. Openings in unconsolidated
rock aquifers, such as the colluvium on the mountain slopes and the residuum
under the valley floors, are the voids between packed grains. Openings in the
consolidated carbonate-rock aquifers are separations along breaks in the
rocks; some rock formations tend to develop more openings than others and are
better aquifers. The breaks in the rocks include bedding partings, faults,
and joints caused by physical stress. Any of these types of openings may be
enlarged gradually by the chemical reaction of weak acids in water on the
carbonate minerals that form these rocks. The size, spacing, distribution,
and extent of intercomnection of the openings determine the ability of the
aquifer to store and transmit water.
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Well Characteristics

A well must intercept at least one opening that is water-bearing to yield
any water. Data on the distribution of water-bearing zones (WBZs) intercepted
by many wells are useful in assessing the yielding properties of formationms.
Figures 14 through 18 summarize the statistics on WBZs below the bottom of
casing, from well-completion reports filed by drillers with the Pennsylvania
Bureau of Topographic and Geologic Survey. The distributions of WBZs in the
Mines Member of the Gatesburg Formation and the Stonehenge Formation suggest
that the sample size is too small for complete evaluation of the occurrence of
WBZs. For most formations, the maximum number of WBZs are encountered turn 51
to 150 ft below land surface. For all wells in the Gatesburg Formation, the
maximum number of WBZs are encountered at depths below 150 ft.

The ratio of the number of WBZs to total footage of hole drilled reduces
the bias in the data created by shallow drilling. The open bars in figures 14
through 18 indicate that the number of WBZs encountered relative to the total
footage of hole penetrated commonly is a maximum in the two shallowest 50 ft
ranges. Further, the chances of encountering a WBZ are more evenly divided
throughout the range of depth than is indicated by the raw data. WBZs have
been encountered in the Gatesburg Formation only to depths of 450 ft, although
10 wells penetrate greater depths and 5 of these have reported WBZ data.
However, because all but one of the five for which WBZ data are available
yield more than 150 gal/min, additional small amounts of water encountered at
greater depths may not have been detected during drilling. Therefore, WBZs
may be encountered at depths greater than 450 ft in the Gatesburg Formation.
Conversely, the WBZs reported to depths of 600 ft for wells in the Coburn
through Nealmont Formations may be only another indication of the low yields
available from these rocks. Small additional amounts of water intercepted
during drilling are noticeable when the well yields little water. WBZs may be
encountered at greater depths than the maximum shown by the bar graphs for
other formations, inasmuch as the maximum depth of wells are the same, or only
slightly deeper, for these formations than the deepest zone reported.
Further, the number of WBZs for each 100 ft of hole drilled does not decrease
markedly with depth for most formations, and actually increases for some
formations.

Statistics about the depths of wells, casing, and static water levels are
useful in inferring hydrogeologic characteristics of rock units and comparing
different rock units. This information is helpful not only in understanding
the hydrogeology but also in estimating well-construction costs. Median and
quartile statistics of the frequency distributions of this data are shown
graphically in figures 19-21.

The thick sandy residuum overlying the Gatesburg Formation forces the
drilling of deeper wells in this formation than in other formations. Wells in
the lower members and the undivided Gatesburg have a median depth that is 75
to 150 ft greater than that of wells in any other geologic unit. Similarly,
the thick residuum and fine loose sand in some WBZs cause wells in the
Gatesburg Formation to be cased to greater depths than most other geologic
units.
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Median water levels for all formations younger than the Nittany Formation
range from about 30 to 60 ft below land surface. Older rocks, of the Nittany
Larke, Stonehenge, Gatesburg, and Warrior Formations, crop out chiefly in
central parts of western valleys and have median water levels that range from
60 to 120 ft. Water levels in the Gatesburg are the deepest of all formations
and exceed over 400 ft in the widest part of the Nittany Valley.
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Figure 19.—~—Quartile values of well depths, plotted by geologic unit.
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Specific Capacity

Rock units differ greatly in their ability to supply water to wells.
Data on the effects of pumping about 250 wells were used to evaluate the
water-yielding capability of the various geologic units. The results of these
tests are shown in table 1 as the specific capacity of the well. The data for
a common pumping period of 1 hour was analyzed to reduce the variability of
drawdown in water level caused by differences in the length of time wells are
pumped. No compensation was made in the data for differences in the rates of
pumping. A graphic summary of the quartile and median statistics of the
specific capacity data for low-production-use wells is shown by geologic unit
in figure 22, A comparison of the graphs indicates that the lower members of
the Gatesburg Formation have the largest potential yield and the Benner
through Loysburg, Axemann, Nittany, and Nittany and Larke Formations, have
large but lesser potential yields. A similar graphic summary of high-
production-use wells is shown for geologic units having sufficient data in
figure 22a. A comparison of these graphs indicates results similar to the
low-production-use wells.

Wells intended for high-production uses are sited and completed to
maximize yield, but wells intended for low-production uses are sited and
drilled to maximize convenience and minimize cost. The comparative statistics
on these two general categories of use are shown in table 5 for those geologic
units for which sufficient data are available. The statistics show that wells
located and constructed for high-production uses will supply water at higher
rates than wells intended for low-production uses. For wells in the Nittany
and Gatesburg Formations, the median specific capacity of high-production-use
wells is 30 to 55 times higher than that of low-production-use wells. The
median specific capacities of high-production-use for wells in the lower
yielding Coburn through Loysburg and Bellefonte Formations is about two to
four times higher than low-production-use wells. Although the Coburn through
Loysburg Formations have major conduits that transmit water from the mountain
colluvium, these openings are inferred to be confined largely to shallow
horizons. Otherwise, high yield wells that produce water from zones much
below the zone of seasonal water table fluctuation would exist.

A comparison of the median specific capacities of all wells grouped by
valleys shows a range of between 0.21 and 0.40 {(gal/min)/ft] with one
exception. The median specific capacity of wells in the Nittany Valley is 6.4
[(gal/min)/ft]. About 75 percent of the data that produced this statistic are
for wells in the State College area. Here the prolific yielding Gatesburg and
Nittany Formations are areally more extensive than anywhere else in these
valleys, and many of the wells were sited by professional hydrogeologists.
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Table 5.--Comparison of yield and specific capacity for high- and
low-production-use wells
{gal/min, gallons per minute; {(gal/min)/ft], gallons per
minute per foot]

Reported yield Specific capacity
(gal/min) [(gal/min)/ft]
Number 50th Number S0th

Geologic Intended of 25th  percentile 75th of 25th  percentile 75th

unit productivity wells percentile (median) percentile wells percentile (median) percentile
All Coburn

through Loysburg High 22 60 30 12 9 17.0 0.62 0.12
Formations Low 134 30 10 5 51 0.44 .16 .04
Bellefonte High 25 85 26 11 11 3.3 .46 .08
Formation Low 77 25 12 7 32 .89 .20 .07
Nittany High 22 1,440 537 50 20 142 33 2.4
Formation Low 21 55 18 8 7 110 .6 .09
All members of

Gatesburg High 28 916 325 63 24 83 13 7.1
Formations Low 74 46 15 6 28 5.0 .43 .07

Sustained Yield

Specific-capacity statistics also can be used to estimate a sustained
yield--a quantity more directly useful in selecting areas for development of
high production wells. A sustained yield is defined here as the amount of
water, in gallons per minute, that can be obtained continuously from a well
for 24 hours. It is calculated, for each of the geologic units, by
multiplying the median specific capacity for 24 hours of pumping by the
available drawdown. The specific capacity after 24 hours was calculated by
reducing the median l-hour specific capacity by the average decline in
specific capacity observed in wells that were pumped for 24 hours. The
average decline observed is 30 percent. The available drawdown is the
difference between the median depth to water and the bottom of the depth range
in which the median WBZ occurs. Table 6 summarizes the data by geologic unit.
The median of yields reported by drillers on well-completion reports filed
with the Pennsylvania Bureau of Topographical and Geological Survey and from
other sources are shown in the last column of the table for comparison with
the calculated yields. Calculated well yields equal or exceed median reported
yields for all geologic units except the Coburn through Nealmont Formations.
Some calculated yields are two or three times the reported median yield, but
some are an order of magnitude greater. This suggests that most wells can
yield more water than is reported.

The calculated sustained yields for high-production uses from the Nittany
and Gatesburg Formations are biased by the preponderance of data for wells
located in the vicinity of State College. Therefore, the sustained yield
calculated for the Nittany is probably too high. However, high-production-use
wells can be developed in other valleys in both these geologic units.
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Table 6.--Calculated sustained yields of wells in selected geologic units
[gal/min, gallons per minute; [(gal/min)/ft], gallons per minute
per foot; ft, feet]

Median Median Bottom of Calculated Median
specific capacity depth median Available sustained reported
Intended !g;al[win}éftl to water WBZ range drawdown yield yield
Geologic unit(s) use 1 hour 24 hours (ft) (ft) (ft) (gal/min) (gal/min)
Coburn through Nealmont All 0.09 0.06 22 100 78 5 10
Formations, undivided
Benner through Loysburg All 3.8 2.7 52 200 148 400 30
Formations, undivided
Coburn through Loysburg Low .17 .12 32 100 68 8 8
Formations, undivided
Bellefonte Formation High .46 .32 50 150 100 32 26
Low .20 .14 41 150 109 15 12
Axemann Formation Low .93 .65 58 200 142 92 20
Bellefonte and Axemann Low .25 .18 45 150 105 19 10
Formations, undivided
Nittany Formation High 33 23 30 150 120 2,760 537
Low .60 .42 46 150 104 44 18
Nittany and Larke Low .27 .19 80 150 70 13 11
Formations, undivided
Stonehenge Formation Low .49 .34 a0 200 110 37 30
Gatesburg Formation High 13 9.1 94 200 106 965 325
Low .43 .30 109 200 91 27 16
Warrior Formation All .85 .60 69 150 81 49 17

Factors that Influence the Yield of Wells
Lithology and Structure

Lithology is the most important of all factors that influence the yield
of wells. 1In carbonate rock, both fracture openings (bedding separations,
joints, faults) and the degree of their enlargement are controlled by the type
of carbonate mineral, the type and amount of noncarbonate material, rock
texture, and contrasts in lithology between adjacent layers of rock.
Differences in the spacing, orientation, and interconnection of openings
formed by the physical stresses acting on the rocks are related to differences
in lithology. Enlargement of the openings is related to both the
accessibility of component minerals to water and their relative solubilities.
Studies of the influence of lithology and structure on the geohydrology of
carbonate rocks have been reported by many workers.

Lithology

Rauch and White (1970) in a study of cave volumes in the Coburn through
Loysburg Formations of the Nittany, Penns, Brush, and Sugar Valleys found that
the majority of caves are restricted to several beds in a zone about 450 ft
thick. Their study concluded that caves are formed preferentially in
limestone and in limestone with low dolomite concentrations or silty streaks
but rarely in dolomite. Cavity development is enhanced by small grain size
and bulk rock purity. High concentrations of clay and other insolubles
inhibit cavity formation.
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The work of Meisler and Becher on the relation between lithology and
yield (1971, p. 49) was based on specific capacities of wells in a thick
sequence of carbonate rocks in Lancaster County, Pennsylvania. They conclude
that limestone has a greater yield capability than does dolomite. They also
found that high concentrations of clay, silt, and sand inhibit the yield
capability of carbonate rocks. A comparison of the distribution of specific
capacities and the gross lithologic character of rock units in this study gives
results similar to the Lancaster study, with some exceptions. The Bellefonte
and Warrior Formations are dolomite units and many beds in the Coburn through
Loysburg Formations contain large amounts of clay. For these formations, the
specific capacity distributions are low compared to the distribution for the
Axemann Formation (dominantly limestone) as shown in figures 22 and 22a. The
larger values of specific capacities in distributions for both the Nittany and
Gatesburg Formations appear to be contrary to the Lancaster study findings.
However, the Lancaster rocks have mixtures of clay, silt, and sand within a
carbonate matrix. Both the Nittany and Gatesburg Formations have beds of
carbonate-cemented sandstone interbedded with the purer dolomite beds.
Removal of the cement has created a porous fabric and enlarged cavities.

Structure

Deike (1969) showed that the orientation of joints in limestone of
central Pennsylvania correlate with local structure and cave passage
orientations. The major and minor trends of passages for caves with more than
300 ft of passageway are shown on cave maps published by the Natiomal
Speleological Society (Speece and Cullinen, 1972 and 1975; Dayton and White,
1979; and Dayton and others, 1981). The cave locations and passage trends are
shown in plates 1 and 23. These trends can be correlated with the trends of
local fracture traces to aid in selecting the best sites for drilling high-
production wells.

Fracture traces are linear features visible as tonal contrasts on aerial
photographs and are attributed to vertical or near vertical fractures or zones
of fracture concentration in the subsurface rock (Lattman, 1958, p. 569).
Wells drilled on fracture traces have tended to be more productive than those
located at random (Lattman and Parizek, 1964; Parizek and Drew, 1966; Siddiqui,
1969; Siddiqui and Parizek, 1971; Becher and Root, 1981, p. 35-37). Many of
the high-production wells used for data collection in this study were located
with the aid of fracture traces. Use of fracture traces for the selection of
drill sites is done best at the field location with aerial photographs.
Geologic knowledge and skill in interpreting aerial photographs are needed to
apply this method.

A comparison of the distributions of specific capacity and reported yield
for wells located on or near faults with the distributions for all wells does
not suggest that faults increase well productivity. The median specific
capacities and quartiles for both distributions are virtually identical
(median 0.4 [(gal/min)/ft]) and the quartile values for reported yield actually
are slightly lower for wells near or on faults than for other wells.

3 plates are on file in the U.S. Geological Survey, Pennsylvania District
Library.
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Topography

Many studies (Meisler and Becher, 1971; Wood, 1980; Becher and Taylor,
1982) have evaluated the relation of topography to well yield using specific-
capacity data. In general, wells in lower topographic positions have greater
yields than wells in higher positions. Valleys and draws tend to form where
the rocks are most susceptible to physical or chemical weathering, whereas
hills form on the more resistant rocks. Openings such as bedding separations,
joints, faults, fracture zones, and enlargements of these features by solution
promote rapid lowering of land surface and produce topographic lows. Topo-
graphic lows are the collecting areas through which all upgradient water
eventually must drain, and therefore, these low areas have the ability to
transmit greater amounts of water for each unit volume of rock than do
topographically higher areas.

An analysis of the relation between topography and the specific
capacities of wells gave results similar to earlier studies and are shown
. below. The statistics are shown separately for high- and low-production uses.
Of the 41 high-production-use wells in the distribution, 71 percent are in
topographically low areas but, of the 215 low-production-use wells, only 48
percent are in topographically low positions.

Relation of topography to median specific capacity
{No., number; MSC, median specific capacity
in gallons per minute per ft]

Hilltop Hillside Wells in Wells in
Category wells wells undulating gullies Valley
of use! or flat or draws wells
No. MSC No. MSC No. MSC No. MSC No. MSC
High 2 3.0 10 0.35 3 6.6 2 18.0 24 25.0
Low 16 .26 96 .2 20 .25 3 9.7 80 .56

1 High = high-production-use; Low = low-production-use.

Specific Yield

Specific yield is an estimate of the volume of water that can be obtained
from a unit volume of aquifer by gravity drainage. As a unit measure of
aquifer storage, it may be used to calculate the effects of ground-water
development or drought on water levels. Specific yields were calculated for
the zone of water-table fluctuation in the carbonate rocks of the Spring Creek
and Kishacoquillas ground-water basins. The calculations were based on
discharge of groundwater from the basin and the average change in ground-water
levels during periods when no direct runoff was leaving the basin and no snow
was on the ground. The average changes in water level were determined from
continuous recording instruments on wells in carbonate rocks of the basin.
These values were corrected to represent basinwide changes by using the ratio
of the spring-to-fall average change in water levels for recorder wells to the
average in water levels for all measured wells in the basin.
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Spring Creek Basin

An average specific yield of 0.015 was calculated for the carbonate rocks
in the Spring Creek basin for four periods ranging in duration from 7 to 14
days. Each period began at least 3 days after the last rain. Specific yields
for individual periods ranged from 0.013 to 0.016; specific yields in fall
were higher than those in spring. These values agree well with more elaborate
calculations made for the basin by Giddings (1974, p. 71) and the mean value
agrees exactly with Giddings’ mean value of 0.015.

Kishacoquillas Creek Basin

An average specific yield of 0.017 was calculated for the carbonate rocks
in the Kishacoquillas basin for eight periods ranging from 6 to 10 days in
duration. The values for individual periods ranged from 0.009 to 0.038; the
higher values prevailed in late winter.

Table 7.--Summary of hydraulic properties and theoretical drawdowns
typical of the aquifer after 180 days of pumping

Drawdown, in feet

Transmissivity Storage Discharge Distance from pumped well
Geologic unit(s) (feet squared per day) coefficient (gallons per minute) 100 feet 500 feet 1,000 feet
Coburn through Nealmont 115 2 015 10 37 8 2
Formations, undivided
Benner through Loysburg 1560 2.015 100 18 10 7
Formations, undivided
Coburn through Loysburg 125 2.015 25 60 11
Formations, undivided 3680 31 100 12 5
Bellefonte Formation 140 2 015 50 90 29 10
Axemann Formation 1200 2 015 100 43 20 1
Bellefonte, Axemann L0 2 015 s0 90 29 10
Formations, undivided
Nittany Formation 33,800 3 008 200 8 5
15 200 2 015 500 12 8
3120, 000 3 015 1,000 1.4 1 0.9
Nittany and Larke Lio 2 015 50 90 29 10
Formations, undivided
Stonehenge and Larke 180 2.015 50 50 21
Formations, undivided 37,600 3 08 500 9 5
Gatesburg Formation 12,000 2 015 200 12 7
32,700 3 04 500 23 13
35,000 3. 04 1,000 27 17 12
Warrior Formation 150 2‘015 50 69 24 9

1 Based on median specific capacity data. 2 Based on specific yield. 3 Based on aquifer-test data at well field.
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Hydraulic Characteristics and Well Interference

Wells compete for the same water when they are too closely spaced.
Overlap in drawdown reduces the yield of any well within the zone influenced
by pumping from another well. In general, such well interference increases as
the space between wells decreases. Drawdowns in the zone influenced by a
pumped well are determined from the hydraulic properties of transmissivity and
storativity for the aquifers. Table 7 summarizes transmissivities determined
from aquifer tests in well fields (Moody and Assoc., 1967a,b, 1970a; State
College Borough Authority, 1982) and transmissivities derived from specific-
capacity data. Table 7 also gives theoretical drawdowns, based on the methods
presented by Theis (1963, p. 10-15), for several of the geologic units.
Storage coefficients shown are the average specific yield of 0.015 determined
for the carbonate valleys or calculated from well-field aquifer tests.

Actual drawdown will differ from theoretical drawdown because of the
heterogeneous nature of these aquifers and normal recharge from precipitation.
In fractured-rock aquifers, interference will be greatest along some preferred
direction, commonly parallel to bedding, joints, or solution features,
whichever is the dominant direction of interconnection. In the carbonate
valleys, the preferred direction is generally parallel to the strike of
bedding and therefore to valley orientation. Local orientation can differ
significantly. The ratio of strike to cross-strike transmissivity, or the
anisotropy of the ground-water systems in these valleys, ranges from about 1.5
to 12 and averages about 5 on the basis of hydraulic gradients on the water
table.

Table 7 can be used to estimate the spacing needed to minimize
interference between wells or to estimate the effects of sustained pumping
during periods of drought. Drawdowns for any discharge rate can be calculated
from the table because drawdown is directly proportional to discharge.
Reducing the discharge by half will also reduce the drawdown at the well by
half. However, distances calculated from pumping centers will be distorted by
the anisotropy of the ground-water system.

Problems Related to Water Availability

Most problems arising from inadequacy of ground water to meet demands are
local and relate generally to the yields of individual wells and not to the
capability of the rocks to supply water. Wells that yield from shallow WBZs,
especially those WBZs in the zone of water-table fluctuation, will probably be
unable to supply demands during periods of drought. Most of these wells are
used for domestic supply. Drought commonly causes a flurry of well drilling
to replace or deepen such wells. Yields from wells used for public supplies
commonly decline when drought lowers the water table. However, these problems
can be solved by the addition of extra wells to the system, spaced
sufficiently apart to reduce the likelihood of interference.
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Nittany Valley

Water levels contoured on plates 1 and 2% show a trough in the water
table from pumpage only in the vicinity of Pleasant Gap. However, major well
fields in the State College area pump an average of 8.1 Mgal/d. On the basis
of the specific yield of 0.8 [(Mgal/d)/mizl determined for the Spring Creek
basin, water must be pumped from an area of 10 mi? to supply the average demand
during normal recharge conditions. In droughts, the specific yield could
decline to 0.45 [(Mgal/d)/miz] and the total area needed to supply average
demands would then expand to about 18 mi2. Although the total area around the
several well fields that supply water exceed these area needs, pumpage levels
are great enough to warrant concern for long-term effects on ground-water

levels.

The hydrograph of well Ce 118, since 1984, suggests that pumpage may
affect water levels in the vicinity of State College (fig. 9). This well is
about 2 mi southeast and nearly on strike with a new well field (wells Ce 652,
653, and 654) put into production in 1984 by the borough of State College. The
gradient on the water-level recession for Ce 118 in 1985 is steeper than that
in 1984 and the annual maximum and minimum water levels in 1985 are lower than
those in 1984. Further, there was no annual rise in water level in 1986;
rather, there was a gradual decline. Data for 1987 (not on graph) shows the
normal annual rise and fall, but the summer high and winter low are lower than
for both 1984 and 1985. The data indicates a long-term downward trend in water
level that may be related to pumping. However, because Ce 118 is in the
Gatesburg Formation, this trend could be related to the long lag in recharge
reaching the deep ground-water system that was discussed earlier in this
report.

Morrison Cove

Pumpage of about 0.14 Mgal/d from the Martinsburg Borough Authority wells
has had no detectable long term effect on water levels. No trough shows in the
spring water table on plate 2% in the vicinity of pumped well Ba 330 nor in the
fall water table (not shown). The observation well Ba 329, which is located
along strike and about 255 ft to the southeast of Ba 330, does show some
effects of the intermittent pumping of Ba 330 (fig. 23). However, the general
rising trend of water level, shown on the hydrograph during the summer of 1984
for well Ba 329, and caused by the lag in response to recharge typical of the
Gatesburg Formation, may counteract the effects of pumping in the surrounding
area. The hydrograph of well Ba 369 on figure 23 in the undivided Nittany and
Stonehenge Formations, about 4 mi southwest of Ba 329, shows the normal water
level response to seasonal recharge.

4 plates are on file in the U.S. Geological Survey, Pennsylvania District
Library.
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Figure 23.——Water levels in wells Ba 329 in the Gatesburg Formation and
Ba 369 in the undivided Nittany and Larke Formations and
precipitation at Martinsburg, Pennsylvania,

October 1983 to November 1984,
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QUALITY OF GROUND WATER
} ical E .

Water in the carbonate rocks is suitable for most uses but is hard.
Routine field measurements of specific conductance, hardness, and pH of well
and spring water are shown in table 1 (Record of Wells) and in table 2 (Record
of Springs).

Temperature

Natural water temperatures range from 7 to 16.5°C (degrees Celsius) and
vary only a few degrees annually. The temperature, its small variability, and
plentiful supply in the carbonate rocks make ground water an excellent cooling
and air-conditioning agent as well as a good source of geothermal heat.

Specific Conductance

A direct relation exists between specific conductance and dissolved-
solids concentration (Hem, 1970, p. 96-101). Therefore, to calculate the
approximate value of dissolved solids, in milligrams per liter, for ground
water in the valleys, the specific conductance can be multiplied by 0.62.
Estimates of specific conductance can be made on the basis of the specific-
conductance zonation maps in plates 1 and 23,

An evaluation of the areal distribution of specific conductance in each
of the valleys suggests some chemical characteristics are related to the rock
unit and others are related to land use. In general, water from the Gatesburg
Formation, in all valleys in which it outcrops, has a specific conductance that
ranges from 250 pS/cm to 400 pS/cm (microsiemens per centimeter at 25°C).
These are the lowest values of specific conductance found in the carbonate rock
units. Water in the Gatesburg Formation is in contact with carbonate minerals
to a lesser degree than it is in other units either because much of the water
moves through large conduit openings or through residuum and sandstone from
which most of the carbonate minerals have been leached. The specific
conductance of water from all rocks in Sugar Valley also is much lower there
than in other valleys and ranges from 200 to 400 pS/cm, except in one small
area where greater values probably are the result of some local anthropogenic
activity. Water from other rock units in all valleys has specific conductances
ranging from about 400 to 700 puS/cm. Higher values are shown on the inset maps
of plates 1 and 2> where clusters of specific conductance greater than
700 uS/cm were measured. These values suggest that above-normal dissolved-
solids concentrations are present and are related to contaminants entering with
recharge to the ground water.

5 plates are on file in the U.S. Geological Survey, Pennsylvania District
Library.
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The more numerous pockets of specific conductance above 700 uS/cm seen in
the Nittany Valley probably indicate that human activities are more actively
contributing to increases in dissolved-solids concentrations. When human
activities of man intensify, zones of elevated specific conductance will tend
to coalesce as the general ground-water quality declines. Because the Nittany
Valley is the most populated of the valleys in the study area, such effects
should be seen there first.

In Big Cove Creek Valley, the specific conductance progressively changes
from low values of 250 to 400 uS/cm in the northern part of the valley, and
from 400 to 500 uS/cm at the southern end of the valley, to 600 to greater
than 700 uS/cm near the point of water discharge from the valley. A similar
change can be seen in Locke-Blacklog Valley. The specific conductance of
ground water in the Kishacoquillas Valley increases progressively from the
sides and ends of the valley toward the central ground-water trough that
drains the valley. A zone of elevated specific conductance (greater than 700
uS/cm) follows the ground-water trough. The valley is largely agricultural in
character, and these elevated values of specific conductance are likely caused
by farming practices.

Chemical Characteristics
pH

The median pH of ground water (a measure of acidity or alkalinity) is
7.4, but pH ranges from 6.2 to 9.5. Most of the ground water has a pH greater
than 7.0, the value of a neutral water. The higher the pH, the greater the
alkalinity of water. The median pH of 7.6 in water from the Gatesburg
Formation is slightly higher than that in other geologic units.

Hardness

Hardness is a property of water that causes the formation of an insoluble
residue when the water is used with soap. It is primarily caused by the
presence of calcium and magnesium ions. Durfor and Becker (1964, p. 27)
classified the degree of hardness as follows:

Hardness range
(milligrams per

liter of CaCO,) Description
0-60 Soft
61-120 Moderately hard
121-180 Hard
Greater than 180 Very hard

High hardness is undesirable for some uses of water because it forms scale on
pipes and in boilers, and a curd in combination with soap.
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Ground water in the carbonate rocks ranges from moderately hard to very
hard. The median hardness of water from 550 wells is 205 mg/L. In general,
hardness and specific conductance are directly related in carbonate rocks
because calcium and magnesium bicarbonate comprise most of the dissolved
mineral content.

The statistical distribution of hardness is shown in figure 24 for each
of the geologic units and in figure 25 for all the valleys. Hardness of water
changes progressively from the comparatively low values in the younger
carbonate formations that border most valleys to the comparatively high values
shown in most older carbonate formations that outcrop in central parts of most
valleys. However, the median hardness of 137 mg/L in water from the Gatesburg
Formation is the lowest value found in any of the carbonate rocks for reasons
given in the discussion of specific conductance. Water moves too quickly
through the fracture and conduit openings in the valleys for chemical
equilibrium to be attained between solution and precipitation of carbonate
minerals. The studies of Langmuir (1971) showed that less than 25 percent of
the well and spring water in central Pennsylvania carbonate rocks had reached
equilibrium with the host minerals calcite and dolomite.

Major Ions

Results of laboratory analyses of the major chemical constituents in
water from 126 wells and 24 springs in the carbonate rocks are reported in
table 8. Of the 150 analyses, 109 were done for this study on samples
collected in July and August 1984 and in June, July, and August 1985, and the
remainder for reconnaissance studies in 1980 and 1981 by Taylor and others
(1982, 1985). Table 9 shows the maximum, minimum, and median values of each
chemical constituent from each geologic unit that has at least four analyses.
Values reported as < (less than) in table 8 were arbitrarily divided by two

for the calculation of medians for iron and manganese distributions in table
9.

The MCLs and SMCLs established by USEPA (1986a and 1986b) for four
constituents in drinking water are exceeded in several analyses, The SMCLs
for iron, manganese, and dissolved solids are aesthetic goals and do not have
health implications, but the MCL for nitrate in public supply systems is
related to health. High nitrate content may be life-threatening, as
concentrations in excess of 10 mg/L are known to cause methemoglobinemia,
commonly called "blue baby disease", in infants.

61



350 T T T T T T

S
g s
O
o
vy 300
< —_ QUARTILE
&5
- 275
= [
o - T
W 250 |-
o - . ® MEDIAN
Z st QUARTILE -
o
[T}
= 200 | * 4
= ® L L
Z g5t
g Il
Woiso |- ]
a i 1
3
T Br 81 47 39 101 16 46
WELLS WELLS WELLS WELLS WELLS WELLS
100 COBURN BENNER COBURN BELLEFONTE AXEMANN BELLEFONTE
through thraugh through an
NEALMONT Lovsadre rorsaURre AXEMANN
GEOLOGIC UNITS
350 T H T T 13 1
ol'ﬂ
Q szt
O
o
v 300 | 50 14 62 27 45 13
: WELLS WELLS WELLS WELLS WELLS WELLS
E 275 + T
=
&
W 250 -
n
2 st -
o
© o
= 200}
: b
Z pst
a
W 1s0 | ®
a
P
< st
100 ; - , 4 .
NITTANY STONEHENGE NITTANY GATESBURG,  GATESBURG, WARRIOR
on OWER UNDIVIDED
LARKE MEMBERS

GEOLOGIC UNITS

Figure 24.——Quartile values of hardness as CaCO3 in wells,
plotted by geologic unit.

62



HARDNESS, IN MILLIGRAMS PER LITER AS CaCO,
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Table 8.--Chemical analyses of major constituents in well and spring water
[ug/L, micrograms per liter; mg/L, milligrams per liter; <, less

than; °C, degrees Celsius; --, no datal
Manga- Magne- Potas- Chlo-

Iron, nese, Calcium, sium, Sodium, sium, Alka- ride,
County dis- dis- dis- dis- dis- dis- linity, dis-
well or Geo- Temper- solved solved solved solved solved solved 1lab solved
spring logii ature (ug/L  (ug/L  (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L
number Date unit °Cc) as Fe) as Mn) as Ca) as Mg) as Na) as K) as Cacqa) as Cl)

Bedford County
310 08-20-80 Oba 11.5 30 10 96 36 5.7 5.7 360 18
314 08-20-80 Oba 14.0 20 10 70 21 25 4.3 290 33
317 08-21-80 Cw -- 90 10 38 21 9.0 2.0 170 20
389 08-27-80 €g 14.0 20 10 40 17 1.2 1.2 180 4.0
489 09-18-80 Cg 12.0 10 10 51 28 0.5 0.8 240 1.0
502 08-14-84 Obf 12.0 <100 <50 61 36 5.2 11 258 14
508 08-13-84 Onl 12.0 490 <50 73 42 48 2.1 266 110
515 08-14-84 Ocl 12.0 <100 <50 83 35 3.3 .9 220 16
525 08-15-84 Onl 11.0 <100 <50 26 25 2.5 1.2 168 7.2
530 08-13-84 Obf 12.5 <100 -- 48 30 1.1 1.0 184 10
531 08-15-84 Cw 13.0 130 <50 45 28 .7 1.4 210 2.8
539 08-14-84 Onl 18.0 <100 <50 57 36 1.9 1.1 272 4.0
555 08-15-84 €g 12.0 <100 <50 69 33 1.1 .9 284 4.0
568 08-14-84 Ocl 12.0 <100 <50 70 5.6 7.9 .9 174 20
574 08-15-84 Obf 13.0 <100 <50 48 30 2.3 .9 204 8.8
592 08-23-84 Ocl 11.0 150 <50 -- -- -- -- 124 14
608 08-23-84 Cg 12.0 <100 <50 -- -- -- -- 224 7.0
621 08-23-84 Oba 12.0 <100 <50 -- - -- -- 310 51
629 08-14-84 Onl 13.5 <100 <50 56 28 2.6 1.7 206 11
633 08-23-84 €g 14.0 <100 <50 - - -- -- 96 4.0
640 08-14-84 Ocl 13.0 370 <50 19 9.2 65 1.4 200 20
SP26 07-31-85 Onl 11.0 <10 <10 41 21 1.6 .59 164 7.0
SP27 08-01-85 3 11.0 <10 <10 37 18 1.0 .64 152 5.0
Blair County

150 06-04-80 €Cg 11.0 30 -- 45 26 5.0 .3 250 3.0
223 06-10-80 Oba 11.5 30 -- 60 36 1.7 L4 260 7.0
248 06-11-80 Onl 14.0 20 10 40 22 1.9 .9 180 7.0
254 06-16-80 €gm 14.0 340 30 48 3.6 1.2 .2 140 3.0
270 07-02-80 Oba 13.0 <10 -- 78 43 2.2 1.0 320 2.0
272 07-02-80 Onl 11.0 130 - 46 26 .9 1.0 200 4.0
297 07-08-80 Onl 18.0 20 -- 46 21 1.9 1.0 170 12
298 07-08-80 Oba 11.0 200 20 62 21 .8 1.0 250 4.0
361 07-09-80 Ocl 11.0 40 10 56 1.5 2.8 1.0 140 5.0
362 07-09-80 €g 11.0 170 10 50 20 1.7 1.0 220 5.0
390 08-21-84 Obf 11.0 <100 <50 63 38 2.1 1.1 236 12
394 07-21-84 Oba 12.5 210 <50 72 45 1.8 1.4 298 4.0
402 08-21-84 Cg 13.0 280 <50 13 7.6 1.4 1.2 56 1.0
407 08-21-84 cg 14.0 <100 <50 -- -- --= -- 130 3.0
423 08-20-84 Onl 13.0 210 <50 9.0 32 27 -- 296 --
427 08-22-84 Oba 11.5 330 <50 -- - --- - 204 7.0
430 08-20-84 Onl 11.5 <100 <50 64 42 3.1 1.3 274 10
437 08-22-84 Oba 12.0 300 120 -- -- --- -- 314 470
444 08-20-84 €g 11.0 <100 <50 -- -- --- -- 220 4.0
459 08-22-84 Ocl 12.0 <100 <50 -- - -—- - 238 21
465 08-22-84 €g 11.5 220 <50 -- -- --- -- 68 1.0
479 08-21-84 Onl 11.0 750 90 -- -- -—- - 170 7.0
485 08-22-84 Ocl 11.0 100 <50 -- -- --- -- 220 10
491 08-22-84 Onl 11.0 <100 <50 - -- --- -- 224 10
608 06-13-85 Ocl 12.5 350 660 120 16 42 24 376 170
610 06-11-85 Ocl 11.5 <10 <10 140 6.8 3.4 2.2 306 18
615 06-13-85 Onl 11.0 <10 <10 60 34 1.0 1.0 238 14
619 06-11-85 Onl 11.5 <10 <10 -- -- -- -- 248 66
SP12 08-01-85 €g 11.5 <10 <10 23 13 .34 <.13 122 2.0
SP17 08-01-85 Onl 11.0 <10 <10 34 17 1.3 .26 152 5.0
SP20 08-06-85 Obf 11.0 <10 <10 45 25 1.4 .55 194 8.0
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Table 8.--Chemical analyses of major constituents in well and spring water--Continued

Nitro- Nitro- Nitro- Phos- Solids,
Fluo-~ gen gen gen phorus, residue Spe-~
Sulfate, ride, ammonia, nitrite, nitrate, ortho, Hard- at 105 cific
dis- dis~ dis- dis- dis- dis- ness °c, con- pH County
solved solved solved solved solved solved (mg/L dis~ duct- (stand- well or
(mg/L (mg/L (mg/L (mg/L (mg/L (mg/L as solved ance ard spring
as S0,) as F) as N) as N) as N) as P) CaCOa) (mg/L) (uS/cm) units) Date number
Bedford County
30 <0.1 0.01 <0.01 10.0 - 390 570 600 7.40 08-20-80 310
25 <.1 .01 <.01 7.90 -- 260 450 615 - 08-20-80 314
-- <.1 .01 <.01 0.08 - 180 300 - - 08-21-80 317
30 .2 .01 <.01 1.50 - 170 248 365 6.80 08-27-80 389
10 <.1l .01 <.01 .04 - 240 254 455 7.30 09-18-80 489
29 .14 - <.01 7.59 0.003 300 408 580 7.50 08-14-84 502
36 .14 - <.01 3.27 .002 360 558 830 7.80 08-13-84 508
48 .18 - <.01 17.1 .002 350 480 685 6.95 08-14-84 515
14 .1 - <.01 3.29 .004 170 260 370 7.80 08-15-84 525
14 1 -- <.01 9.00 .002 240 310 510 7.70 08-13-84 530
12 .22 - <.001 2,05 .002 230 256 418 7.85 08-15-84 531
12 .1 - <.01 3.83 003 290 344 490 7.00 08-14-84 539
24 .22 -- <.01 1.73 002 310 348 550 7.45 08-15-84 555
16 .1 - <.01. 3.77 .002 200 282 455 7.80 08-14-84 568
16 12 -- <,01 6.70 .003 240 334 445 7.40 08-15-84 574
16 <.1 - <.01 5.83 .004 - 256 360 7.90 08-23-84 592
28 <.1 -- <.01 4,18 .002 -- 292 480 7.55 08-23-84 608
53 <.1 - <.01 .12 .002 - 508 825 7.25 08-23-84 621
27 .14 - <.01 8.57 .002 260 348 495 7.60 08-14-84 629
<10 <.1l - <.01 3.19 .002 -- 138 240 8.40 08-23-84 633
10 1.3 - <.1 .034 .003 85 240 485 7.90 08-14-84 640
30 .1 - <.001 5.06 <.002 190 268 360 7.80 07-31-85 SP26
28 .1 -- <,001 3.30 <.g002 160 2486 315 7.80 08-01-85 SpP27
Blair County
15 <.1 .01 <.01 2.60 - 220 306 509 -- 06-04-80 150
30 .1 .02 <.01 5.10 - 300 380 605 - 06-~10-80 223
10 <.1 .01 .034 6.40 - 190 280 450 - 06-11-80 248
5.0 <.1 .01 <.01 2.60 - 130 96 305 - 06-16-80 254
30 .3 .01 <.01 5.10 - 370 452 605 - 07-02-80 270
5.0 <.1l .01 <.01 5.70 -- 220 308 435 - 07-02-80 272
20 <.1 .01 .01 8.80 - 200 264 427 7.10 07-08-80 297
40 <.1 .01 <.01 1.50 - 240 328 605 7.30 07-08-80 298
20 <.1 .01 <.01 2.60 - 150 182 335 7.20 07-09-80 361
20 <.1 .01 <.01 1.50 - 210 254 467 7.30 07-09-80 362
22 <.1 - <.01 11.7 .002 320 390 600 7.70 08-21-84 380
40 <.1 -- <.01 4.95 .002 370 422 620 7.20 07-21-84 394
<10 <.1 - <.01 .69 002 64 96 125 8.60 08-21-84 402
<10 <.1 - <.01 2.20 004 -- 178 270 8.20 08-21-84 407
67 .15 - <.01 8.80 002 150 518 845 7.23 08-20-84 423
22 <.1 -- <.01 7.15 .003 - 324 490 8.00 08-22-84 427
18 <.1 -- <.01 6.71 .002 330 426 700 7.60 08-20-84 430
71 <.1 -~ <.01 100 .004 760 2,390 >1,000 6.40 08-22-84 437
10 <.1 -- <.01 4.18 002 -- 368 500 7.80 08-20-84 4h4
63 <.1 - <.01 7.59 .002 - 464 720 7.40 08-22-84 459
<10 <.1 - <.01 .88 .002 - 106 145 8.40 08-22-84 485
12 <.1 - <.01 7.37 .003 -- 272 410 7.62 08-21-84 479
22 <.1 -- <.01 7.81 .003 - 352 560 7.55 08-22-84 485
20 <.1 - -- 11.0 .02 - 358 550 7.90 08-22-84 491
60 .2 - <.001 3.74 .006 370 758 >1,000 7.30 06-13-85 608
26 <.1l -- .004 12.3 .0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>